7^ tyjnj_ 



(s) at cne time; forming the upper electrode; and 
conducting heat- treatment 

ir. an oxygen atmosphere at about 550. degree. C. for about 
hi, mi nut os. 

0-1) The crystallizing heat-treatment may be conducted 
cither as 

batch-crystallization for collectively heat-treating the 
film deposited to a 

desired thickness by repeating the applying and drying 
steps several times, or 

as a crystallization process for heat-treating the films on 
a fi-m-by-fiim 

basis after every applying and drying step. Moreover, the 
time for the 

heat-treatment is not specifically limited. The 
heat -treatment: may be 

: jnauctTU f 3r several minutes to several hours in a 
d: f fusi-.-r: furnace, or may 

oe conducted for several tens of seconds to several minutes 
oy F.TA tap id 

Thermal Annealing) . In short, the time for the 
heat -treatment is determined so 

that sufficient crystallization can be achieved in 
respective neat-treatment 
processes . 

{•??_) Ln general, heat-treatment for crystallizing an 
:xide must be conducted 

it. an oxygen atmosphere due to its requirement to supply a 
sufficient amount of 

oxygen. On the other hand, in the methods such as a 
sol -gel method and an MOD 

method, i large amount of oxygen is contained in the raw 
materials such as 

metal alkjxiie and salt. Therefore, crystallization can be 
ronducteo even in 

an inerr. atmosphere such as nitrogen or argon. However, in 
orce r t " imp rove 

trie fen >eleotric characteristics and suppress a leakage 
current, it is 

preferable to conduct heat-treatment at about 4 00. degree. 
C. to about 

i 50. degree. C. after the formation of the upper electrode. 

. j 3 ) According to the MOCVD method, the f erroele it ric 
film is formed as 
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As ar. ele ct r cde material of the ferroelectric capacitor, 
p 1 at i nam has wide 1 y 

been usei for b:ch the upper electrode and the lower 
electrode for such a 

reason that it has a resistivity to a high-temperature 
oxidative atmosphere for 

crystallizing the ferroelectric material. As a 
ferroelectric material to be 

used for the ferroelectric capacitor, attention is focused 
on 3 rB i . sub . 2 

Ta.sib.i O.sub.9 (5BT) and Bi.sub.4 Ti.sub.3 0. sub. II (BIT) 
that have excellent 

fatigue properties and are able to be operated at low 
vcltage as compared with 

Et-Zr. sub.x Ti.sab.l-x O.sub.3 (PZT) having been examined to 
tr.e cetail, ana the 

fermer substances are under elaborate examination. 

According to ar. embodiment of the present invention, 
hydrogen sintering for 

the final, recovery can be performed without deteriorating 
the ferroelectric 

•characteristic nor the highly dielectric characteristic. 
Beth the uppe r 

electrode and the ferroelectric material or the highly 
oielectric material are 

constructed of oxide materials, and therefore, the elements 
and oxygen atoms 

constituting the ferroelectric material or the highly 
dielectric material 

scarcely move even in the heat treatment in the subsequent 
production stage or 

aging during use, for which the fatigue characteristic of 
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the ferroelectric 

material and the reduction with time in dielectric constant 
of the highly 

dielectric material are also improved. 

FIG . 4 is a sectional view of the plasma TEGS film of 
FIG . ? improved in 
shape by argon sputtering; 

r'urther, in order to improve tne adherence of the formed 
lower electrode, 

annealing was effected for 30 minutes in nitrogen at a 
temperature of 

600 . decree . C. in an electric furnace. 

Subsequently, the PZT film 11 was formed to a film 
thickness of 2000 . ANG . 

oy the sol-gel method. The above PZT film forming method 
is performed by 

firstly dissolving lead acetate, titanium isopropoxide and 
z i rcor.i urn 

isopropoxide into a solvent of .2 -met hoxyet nano 1 so that tne 
rat io •: f 

Pb : T i. : Z r = 100 : 52 : 4 3 thereby forming a sol-gel material 
soLutiiri, c:>ating this 

material solution on a silicon wafer formed to the 1. :>wer 
electrode by means of 

a spinner rotating at a rotating speed of 3000 rpm, drying 
tne wafer at a 

temperature of 150. degree. C. for 10 minutes in the 
atmospheric air and 

thereafter performing temporary baking at a temperature of 
4!0. degree. C. for 

3: minutes in tne atmospheric air. The coating is repeated 
three :o five times 

so that the desired film thickness of iOOO .ANG. is 
achieved. Subsequently, a 

neat treatment for crystallization is performed by the RTA 
(Map id Thermal 

Annealing) method at a temperature of 650. degree. C. for 
30 seconds in an 

atmc sphere :>f a mixture of nitrogen and oxygen . In this 
stage, the flow rates 

of nitrogen and oxygen were set so that nitrogen flow ratej_ 
oxygen flow 
rate=4 : 1 . 
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Next, the PZT film 11 and the lower electrode 13 were 
processed to a size 

of, for example, about 2.6 .mu.m. times . 2 . 6 .mu.m and 3.0 
. mu.m. times . 3 . 0 . mj.m 

by the dry etching method, respectively. Subsequently, the 
titanium oxide film 

12 was farmed by the RF magnetron reactive sputtering 

me :. n o zz> a tniokness of 

2 00 . ANG. as a diffusion preventing layer of the elements 
:. .ins t i t iz in z\ trie 

ferroelectric capacitor. The ozone TSOS film 1? was formed 
as a second 

interlayer insulating film by the CVD method, and the 
titanium film 14 was 

further formed by tne Rr magnetron sputtering method to a 
thickness of 300 

.ANG. as a layer for adhesion to the upper electrode of 
tne oapaoiotor to be 

formed on it. Next, a hole of, for example, about 1.& 
. mu . m . t imes . 1 . 8 .mu.m 

was formed by the dry etching met nod through the titanium 
film 14, the second 

i:\terlayer insulating film 1 ?• and the titanium oxide film 
12 above the 

ferroelectric capacitor, so that a contact hole was opened 
up to the surface of 

tne ?2T film 11. The PZT film 11 was damaged by plasma 
exposure due to the dry 

etching. In order to recover this, a heat treatment was 
performed at a 

temperature of ;-00. degree. C. for 30 seconds in oxygen by 

the P.TA (Rapid 

Thermal Annealing) method. 

Tne elemental composition ratio of the formed alloy 
oxide film 15 of 

platinum and rhodium was expressed by the ratio of 
p '. at i rum : rhodium 

oxygen =7 0 : 15 : 15 . The film formation was performed by the 
RF magnetron reactive 

sputtering method while adjusting the total gas flow rate 
= that the reaction 

chamber comes to have a pressure of 10 mTorr at a gas flow 
rate of 

argon : oxygen =2 : 1 . If the rhodium content increases with 
respect to the 

composition ratio of platinum to rhodium, then the 
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crystallinity of platinum 

having a peak of (111) becomes worse, and this is 
disadvantageous because a 

volumetric expansion will be significant during heat 
treatment ir. tne 

s.nsequent p.ro:ess. Therefore, the rhodium cDntent must be 
n:.>: greater than 2 0 

percent in terms ot the composition ratio thereof to 
P-iiti.num. furthermore, 

unless a rh-idium content of not smaller than L0 percent is 
achieved, no 

s..ffi::ient :xide results, so that the effect of platinum 
at ■urns for activating 

hydrogen cannot be suppressed. Therefore, rhodium must be 
not. smaller than 10 

percent arA not greater than 20 percent in terms of the 
c :-::ip :>siti :>n ratio 

thereof to platinum. Furthermore, for the same reason as 
above, the oxygen 

cutout relative to all the elements must be not smaller 

than 10 percent and 

not greater than 17 percent. 

Next, the titanium nitride film It, the alley oxide film 
] ':» of plat inum and 

r.uxli im and the titanium film 14 were processed into a 
drive line shape by the 

dry etching method using chlorine gas. As stated before, 
tne PZT f-lm is also 

indirectly damaged by plasma exposure due to this dry 
etching. Therefore, for 

the purpose of recovering this, a heat treatment was 

;:er;f:rmed at a temperature 

of 5 50 . degree . C. for 30 seconds in oxygen by the RTA 

moth D«i . 

In view of the above, the plasma TEOS film was firstly 
formed to a thickness 

of oD00 .AUG. as the third interlayer insulating film. 

S.. nee an overhung 

shape [see the reference character D in FIG. 3) appeared 
even at this degree of 

fia.n thickness, the shape was improved as shown in FIG. 4 
by reverse sputtering 

usin 9 argon , and thereafter the ozone TEOS film was formed 
to a thickness of 

700C .ANG.. This film contained a certain amount of 
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moisture, and therefore, 

trie plasma TEOS film was formed to a thickness of 3000 
. AMG . for the 

prevention of the upward diffusion of moisture. The 

cor.taot nole was formed in 

this place and the aluminum lead electrode 18 extending 
from tne source/drain 

region was formed by the DC magnetron sputtering method. 

Furthermore, a similar capacitor was formed of platinum 
f ■: i the capacitor 

upper electrode by the prior art technique, and the 
capacitor to wnich the 

present invention is applied and the prior art capacitor 
were z on turren t ly 

subjected to a neat treatment for 10 minutes in an 
atmosphere of five percent 

of hydrogen and 95 percent of nitrogen while changing the 
heat treatment 

temperature, and the residual dielectric polarization 
values were measured 

alter the heat treatment. As shown in FIG. 6, it was 
discovered that the 

residual dielectric polarization value of the capacitor 
using the prior art 

technique was reduced at and around the temperature of 
loO. degree. Z . and the 

residual dielectric polarization value of the capacitor of 
the present 

invention was not reduced until the temperature of 
4 30. degree. 0. 

FIG. 3 shows the second embodiment of the present- 
invent ion, wnere the same 

components described with reference to FIG. 1 are denoted 
by the reference 

numerals and no description is provided for them. In FIG. 
8 are shDwn a 

tungsten plug 19 formed for mailing contact of the 
source/ drain region 5 with 

the capacitor lower electrode, an alloy film 20 of platinum 

and rhodium formed 

on the tungsten plug, an alloy oxide film 21 of platinum 
and rhodium formed as 

a diffusion barrier and oxygen preventing film, a platinum 
film 22 for 

improving the morphology of the ferroelectric film, and a 
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titanium nxide film 

12 that serves as a diffusion preventing layer of elements 
of the ferroelectric 

film 23 formed on the lower electrode 22. In FIG. 8 are 

also shown a 

SrBi.sub.2 Ta.sub.2 0.sub.9 { SBT ) film 2? formed on the 

Lower electrode: 2.2 and 

an alliy film 2-1 :>f platinum or platinum and rhodium f ;-r a 
drive line 
inter:: : r.nect ion . 

Subsequently, tungsten is buried in the contact hole by 
the CVD method, and 

thereafter the surf are is flattened by the CMP (Chemical 
Mechanical Polishing) 

method, thereby forming the tungsten plug 19. The alloy 
film 10 of platinum 

and medium was formed to a film thickness of 7 00 . ANG . on 
this rung st en plug 

19 by the DC magnetron sputtering method, thereafter alloy 
oxide film 11 of 

platinum and rhodium to a film thickness of 300 . ANG . on 
the alloy film 10 by 

the oC maynotr.m reactive spattering method, and the 
platinum, film 12 was 

further formed to a film thickness of 500 .ANG. by the DC 
magnetron sputtering 

method. The elemental composition ratio of the formed 
alloy film of platinum 

ana rhodium was expressed by the ratio of 
platinum: rhodium=80 : 20 . The 

elemental composition ratio of the alloy oxide film of 
platinum and rhodium was 

expressed by the ratio of platinum: rhodium: oxigen=70 : 15 : 15 . 

The film formation 
was performed by the magnetron reactive sputtering method 
while adjusting the 

total gas flow rate so that the reaction chamber come to 
have a pressure of 10 

mTorr at a .ias flow rate of argon : oxygen =1 : 1 . 

Next, a material solution of SrBi.sub.l Ta.sub.2 O.sub.9 
(SBT) was mated ■: n 

this lover electrode by a spinner rotating at a rotating 
speed of 30u0 rpm by 

the MOD (Metal Organic Deposition) method and dried at a 
temperature of 
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..degree. :. for five minutes. First baking was 
performed at a temperature 

cf 600. degree. C. for five minutes in an oxygen atmosphere 
at the atmospheric 

pressure, an:l subsequently second baking, i.e. a heat 
treatment for 

crystallization, was performed in an oxygen atmosphere at a 
temperature of 

:•; .degree. ;. for five minutes by the RTA method. The 
processes from the 

co-itmg tc the heat treatment for crystallization were 
repeated three to five 

~i~es -3 7> -hat an SBT film 23 came to ha^e the desired film 
thickness of 2000 

.AI.Vj.. The forming method may be the sputtering method or 
the MC r/C (Me f :al 

Or^ani: CVZ») method besides the MOD method. In this case, 

wh the comp :. si 1 1 on 

ratio of rhodium increases in the alloy film of platinum 
and rhodium, the 

>.;r»ttaixinicy if platinum having a peak of (111; and the 
film flatness become 

worse, so that the leak current characteristic of the 
ferroelectric film that 

ires ir: the upper layer deteriorates. Therefore, rhodium 
must: ha\ r e an element 

ratio cf not greater than 80 percent relative to platinum. 
If the rhodium 

content is small in the alloy oxide film of platinum and 
rhodium, no sufficient 

oxide film results tc reduce the oxygen blocking effect, so 

t na : the s ir f i: :ze of 

trie tungsten plug is oxidized during annealing in the 
p rosence of oxygen , 

consequently causing an electrical defective continuity. 
Therefore, rhodium 

must have an element ratio of not smaller than 10 percent 
relative to platinum 

in the alloy oxide film of platinum and rhodium. 

:Jex:, the titanium nitride film 16 and the film 2 4 that 
i s a 1 1 j y film of 

platinum ana rhodium or platinum, and the titanium 14 were 
processed into a 

dri-e line shape by the dry etching method using chlorine 
gas . The SBT film is 

also indirectly damaged by plasma exposure due to this dry 
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etching. Therefore, 

for the purpose of recovering this and improving the leak 
characteristic of the 

ferroelectric capacitor, a heat treatment was performed in 
an oxygen atmosphere 

at a temperature of 800. degree. C. for 15 minutes. 

llext, using a material of TEGS ( tet raethc xys i lane ) , the 
third .liter layer 

insulating filir 17 comprised of a plasma TECS film of 3000 
.AUG. , an ozone TEOS 

film of 7000 . ANG . and a plasma TEOS film of 3000 . ANG . 
was formed. In 

general, the plasma TEOS film has a small moisture content 
in the film, 

however, it has a great amount of hydrogen content. The 

plasma TEOS film also 

ter.cs to have a shape as indicated by the reference 
character D in FIG. when 

its thickness is increased. On the other hand, the ozone 
TEC'S film has a small 

amount of hydrogen content in the film, however, it has a 
great arrount. of 

rrcisture and a groundwork dependency. Consequently, the 
film thickness ■: f the 

interlayer insulating film varies as shown in FIG. 2. In 
view of the above, 

the plasma TEOS film was firstly forrred to a thickness of 
3000 .ANG. as the 

third interlayer insulating film. Since an overhung shape 
(see the reference 

character D in FIG. 3) appeared even at this degree of film 
thickness, t hi e 

shape was improved as shewn in FIG. 4 by reverse sputtering 
using argon, and 

thereafter the ozone TEOS film was formed to a thickness of 
7000 . ANG . . This 

film contained an increased amount of moisture, and 
therefore, the plasma TEOS 

film was forme:! to a thickness of 3000 .ANG. for the 

prevention of the upward 

diffusion of moisture. The contact hole was formed in this 
place and the 

aluminum lead electrode 13 extending from the source/drain 
region 5 was formed 

by the DC magnetron sputtering method. 
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FIGS . 2 1a-, (fcj, (ci, and (d) show the comparison of 
switched charge, 

V(90%), switched charge loss, and opposite state charge 
aging rate for the two 

types of ?ZT films, one of which is annealed in an oxygen 
ambient atmosphere, 

the other of which is annealed in a combined ambient 
at mo- sphere •: f argon and 
oxygen ; and 

In the preferred embodiment, a Gryphon Sputtering 
Deposition Tool is used. 

All Layers 14, 16, and 18 are deposited at the same 
temperature (Room 

Temperature) and in the same sputter ambient environment 



conditions for the nucleation layer 14 are 750 watts at an 
1 nTarr pressure to 

produce a film between 50 and 100 Angstroms thick with 
approximately 3 0% excess 

lead. The bulk layer 16 is deposited at 1000 watts at a 2 
mTorr pressure to 

build up the remaining film thickness with an excess lead 
content of .about 

l=.-20?. If an optional cap layer 18 is employed to enhance 
the tap electrode 

2! interface characteristics, the bulk layer 16 thickness 
is reduced by the 

additional thickness of the cap layer 18. The cap layer 18 
is between 200 and 

300 Angstrams thick and varies between 25 and 35% excess 
lead. The sputter 

conditions far producing the cap layer 18 lead contents are 



( Argon ) . The sputter 
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750 watts at a 10 

mTorr pressure for 25% excess lead and 550 watts at an 18 
mTorr pressure for 
3- I excess lead . 

According to another method of the present invention, a 
specific anneal 

sequence is utilized after PZT deposition to control the 
crystalline texturing 

of the film, and by doing so, enhancing low voltage 
performance. In general, 

"texturing" is defined as preferred orientation and grain 
structure. This is 

accomplished by modifying the lead content in the PZT film 
to :a-:e advantage of 

specific phase formations that enhance PZT texturing. A 
m-iri-lsyer PZT is 

utilized to obtain a specific lead profile, with an 
associated anneal sequence 

to ta'Ke advantage of that profile. The anneal sequences 
involve a two step 

process wherein a first step utilizes a low temperature 
argon ambient anneal to 

drive : ne formation of a plat mum-lead and 
plat inum-t it anate intermetal lie 

phases at the bottom electrode interface and a second step 
utilizes an oxygen 

anneal to complete the PZT crystallization process. 

The mult i -layer processing of the present invention is 
usee because 

zor.s iderably more lead is required near the bottom 
electrode interface to 

supply the platinum-lead intermetal 1 ic layer; this high 
level of lead cannot be 

sustained in the bulk of the PZT film without an adverse 
impact on the kinetics 

driving crystal formation. The argon ambient anneal is 
used in the first step 

to prevent over saturation of the bottom electrode 
interface with oxygen . 

Excessive oxygen shuts down the desirable platinum-lead 
phase ana favors an 

undesirable lead oxide (PbO) phase, which has a detrimental 

impact on PZT 

texture. By using the argon sequence of the present 
invention to establish the 
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platinum-lead and platinum titanate intermetallic phases, 
the energy required 

to produce a favorable texture during the oxygen anneal 
sequence can be 

reduced. Since the required energy is reduced, the 
s ress-'strain relationships 

cn the lattice are reduced and the crystal forms along 
prefer re i orientations 

dictated by the nucleation foundation layer. Depending 
upon the PUT dopants 

used, the argon anneal generates a strong <lll> 
orientation preference or 

a mixed texturing of <001> and <lll> 
orientations. In particular, 

tee quality of the <001> texturing directly 
influences the low voltage 

performance of the film. An additional benefit of reducing 
the energy 

requirements for the anneal is the conservation of lead in 
tr.e bu.-; of the 

film. Tnis conservation cf lead enhances fatigue 
perf ar:na no in . 

The argon and oxygen anneal sequence of the present 
invention can oe 

modified by the addition of certain dopant materials to 
f 'art her enhance low 

voltage performance. A PZT film can be doped with 
lanthanum, calcium, and 

strontium dopants to achieve low voltage ferroelectric 
operation. 'Operation as 

l:»w as three volts nas been demonstrated, and the potential 
exists for 

operation at even lower voltages less than three volts. In 
addition, the argon 

and oxygen anneal described herein can be applied to other 
f err :>e Lect ric 

compositions as well as with other electrode structures and 
materi al s . 

Utilizing the multi-layer PZT structure in conjunction 
with the two step 

anneal process enhances ferroelectric performance by 
establishing sufficient 

lead in the nucleation layer to adequately establish the 
intermetallic phases 

of lead platinum (Pb--Pt) and lead titanate (Pb--Ti) . 
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These phases provide the 

foundation and seeding for proper PZT nucleation with 
orientation for optimum 

ferroelectric performance. The nucleation layer is kept 
thin (about 100 to 200 

Angstroms) and lead rich (30%.+-. 5%) and provides the lead 
ne:essary to 

complete the phase interactions for the time and 
temperature window of the 

argon portion of the anneal. The argon anneal step is 
desirable to enhance the 

D^-.pr 5 > d pb__Ti interactions without the presence of 
oxygen . Typically, 

oxygen - only anneals overrun these interactions with the 
f trmation of PbO (lead 

;»xide), which disrupts the preferred chase formations. Tne 
PbO formation is 

detrimental to preferred crystal orientation ( &lt ; lOO&gt ; 
and < LlO> mixed 

orientations). After the argon portion of the anneal, the 
foundation is set 

for good crystal orientation, <lll> and <001>, 
c-jt tne ^attice 

remains oxygen deficient. The second anneal ls done in an 
oxygen ambient 

atmosphere to complete the crystal formation, which is now 
driven by the 

foundation established with the argon anneal. The oxygen 
ar.no a i fills trie 

oxygen vtrar.cies and completes the crystalline structure 
for the bulk of the 

film. The bulk of tne PZT film can not be as lead rich 
(bilk layer lead 

= 1 5'i . +- . 5 U as the nucleation layer or excessive amounts of 
PbO would be 

generated during the oxygen anneal and again disrupt 
preferred crystal 

orientation in the bulk of the film. 
Step i ( Argon Anneal) 
Argon ambient atmosphere; 
Step ^ ( Oxygen Anneal) 
Oxygen ambient atmosphere; 
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After annealing, the wafer receives a top electrode 
deposition (17 50 

Angstroms of platinum), patterning and etch followed by a 

fumac: anneal 

process at o5C. degree. C. for 60 minutes in an oxygen 
ambient atmosphere, at 

which point the wafer is ready for electrical testing. 

The ir.ain cbject of this embodiment of the present 
invent.cn is the 

application of reduced O.sub.2 partial pressure ambient 
during zZZ thin film 

crystallisation. Crystallizing PZT thin films in reduced 
O.sub.2' partial 

pressure amoient results in better ferroelectric 
p erf c rnaroe , cross wafer 

uniformity and wafer-to-wafer repeatability compared with 
pure O.sub.i 

cryst al 1 i zati on ambient . 

Ferroelectric PZT [ Pb { Z r , Ti ) 0 . sub . 3 ] thin film is one 
of the Key components 

in FFAM.P.TM. technology. After being deposited on a 
subs: rar e, : he PZT t hin 

film neecs to be annealed at elevated temperature, such as 
600 . decree . C . , to 

fcrrr a p :•■ ) yc rys 1 a 1 1 i ne thin film with a complex perovskite 
structure. Since 

PbO is very volatile at high temperature, say above 
o00. degree. C, the lead 

loss in the -irea close to the surface of the PZT film is 
higher thin that in 

the bulk jf tne PZT film, resulting in a non-uniform 
distribution of lead in 

the ui;e:;tion of tne thickness of the film. Adding excess 
lead in tne PZT film 

oefore :rvsth 11 i zation may compensate the lead loss in the 
surffioe area during 

hi;ih temperature anneal and form the perovskite phase. 
However, the lead 

content in trie bul< of the PZT film may be too high. It 
may oe difficult for 

lead to diffuse out of the film as tne perovskite phase may 
block the migration 

of lea.i cations. Since the Pb--0 bonding in PbO is much 
weaker than that in a 

perovskite structure, it is therefore more difficult for 
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lead cations tc 

migrate through a perovskite phase. One way to increase 
the mobility of lea a 

cations in a percvskite phase is to generate oxygen 
vacancies in the perovskite 

structure. It. is known that the percvskite structure can 
tolerate vacancy 

concentration up to 20%. It is therefore possible to 
crystal! ire as -sput t e red 

?.*/: film in a reduced 0.sut.2 partial pressure ambient so 
that the perovskite 

structure can still form but with a large amount of O.sub.2 
va ca nc i e s embedded 

in the structure. O.sub.2 vacancies provide effective 
paths for lead cat i on 3 

t' micratr in the film during high temperature sintering, 
giving rise to a more. 

uniform lead distribution and more homogeneous formation of 
a perovskite phase. 

There are two ways to generate a reduced O.sub.2 partial 
pressure amb lent . 

Ore is to use vacuum environment and flow a small amount of 
1'. :_b. 2 3 a5- int :■ 

:ne annealing chamber. Another way, a wording to the 
present invention, is to 

simultaneously flow O.sub.2 and another type of gas that 
will not react with 

EC 7 film, such as argon , into the annealing chamber during 
high temperature 

crystallization. Method one requires an expensive pumping 
i /.s tern a.no a g :■ >:i 

v.n::uum control s/stem. Method two according to tne present 
i uvent i jn tn iy 

requires mass flow controllers and a reasonable seal of the 
annealing chamber. 

The assignee of the present invention, Ramtron 
1 nterr.at ior.a 1 Corp. has used 

Argon rich ambient ^as tj crystallize ?ZT films for FRAM 
applications ano parts 

containing PZT film annealed in an Argon /oxygen ambient 
atmosphere have been 

built and evaluated. The oxygen partial pressure in 
Ramtron 1 s RTA (Rapid 

Thermal Anneal) chamber is in the range of 10. sup. -4 to 100 
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Experiments have been conducted to evaluate the 
ferroelectric performance of 

PZT films crystallized in the Argon rich ambient according 
t - the present 

invention (Ar O.sub.2 mixture f:>llowed by 0.sub.2 
a:\riea 1 - -he re i. r. Ar /0 . sub . 2 

::.en -j . sue . 2 ) , ano : :>r comparison, 0.sub.2 only amoient 
followed by 0.sub.2 

anneal—herein O.sub.2 then 0.sub.2. FIGS. 2(a), (b), (c) , 
and (o) snow the 

comparison of switched charge V(90i)* switched charge loss, 
and -opposite state 

cnarge a;ing rate for the two types of PZT films it :an be 
s-:en":hai :he P 7, T 

films crystallized in the combined Argon and O.sub.2 
ambient of" the present 

invention (i.e., Ar/O. sub. 2 then O.sub.2) indeed show 
better ferroelectric 

performance compare! with samples crystallized in the 
0 . = ub . 2 an.b i e n t (i.e., 

■j. sue-. 2 tr.en o.sud.O) (that is, higher switch charge 
i 0. sub . SW) , 1. "'wer V. sub. 90 

K lower v.sur.».oW loss @ 10. sup. 9 cycles, and comparable 
opposite sta to- 
switched charge aging rate) . 

FIG. ?• is a diagram of an RTA (Papid Thermal Anneal) 
chamber for annealing a 

PZT wafer according to the present invention. An RTA 

::. amber ;2 ir. eludes 

heating coils 36 powered by a heating control unit 44. The 
r.TA chamber 32 

further includes a substrate or platform 38 for supporting 
a PZT wafer 4'" 1 . A 

thermocouple 42 provides feedback to heating control unit 
44. The ? TA chamber 

:2 further includes a door 34 for introducing the wafer to 
the chamber. 

Annealing gasses are provided through oxygen cannister 4 6, 
nitrogen car roster 

48, and oxygen cannoster 50, which are introduced to the 
PTA chamber 32 under 

control of valves 52, 54, and 56, as required. 

It is important to note that the combined argon and 
oxygen anneal of the 
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present invention can be used on either single layer, 
bi-layer, or tri-layer 

PZT films. Also, other inert gasses besides argon can be 
used, such as 

nitrogen or helium, or the like. The exact temperature and 
partial pressure of 

oxygen can do r hanged as required. A second anneal in 
oxygen can also be 
performed . 

Having described and illustrated the principle of the 
invention in a 

preferred embodiment thereof, it is .appreciated by those 
having s<ill in the 

art that the invention :ar. be modified in arrangement and 
aet a i L w i t h :■ at 

ceparting from suoh principles. For example, if desired, 
the method :»f 

fabricating a ferroelectric mult i- Layer thin film according 
to the present 

invention can be modified to include only a single PZT 
layer, followed by the 

steps of annealing the single PZT layer in an argon ambient 
atmosphere, and 

then annealing the single PZT layer in an oxygen ambient 
atmosphere . 

Improvements in performance will still be obtained, even 
though ,5 single PZT 

layer- is used. We therefore claim all modifications and 
variations romir.g 

within the spirit and scope of the f:»l lowing claims. 

annealing the PZT film in a combined argon and oxygen 

ambient atmosphere 

during PZT thin film crystallization; and 

thereafter annealing the PZT film in an oxygen ambient 
atmc sphere . 

c. The method of claim 7 in which the second gas is 
argon . 

The method of ciaim 7 in which the second gas is 
nitrogen . 

12. The method of claim 7 in which the oxygen partial 

pressure in the 
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annealing chamber during said high temperature 
crystallizaton is in the range 
of 10. sup. -4 to 100 Torr. 
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